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bstract
Polymeric ultra-thin films show peculiar properties making them potentially useful for several applications in biomedicine.
oreover, the possibility to functionalize these films by using different agents opens new and partially unexplored scenarios. In
his work we present the more recent advancements we achieved in this field, focusing on freestanding magnetic nanofilms and
reestanding conductive nanofilms.
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. Introduction
Nanofilms (or nanosheets) are polymer-based films with very large area (up to tens of cm2) and with a thickness
n the order of few tens – hundreds of nanometers [1]. The peculiar properties of these structures make them suitable
or different applications; in particular, ultra-thin films have been developed for electrochemical devices, as chemical,
iological and nano-mechanical sensors, and as nano-scale chemical and biological reactors[2–4]. Biocompatibility,
exibility and possibility to carry drugs for controlled release are just some of the most interesting features that
anofilms can exploit [5]. They have been recently presented in the biomedical field for closing incisions after open
urgery or laparoscopic procedures, using them as nanopatches or adding them to traditional sutures on wet tissues
6,7]. For using nanofilms as plasters to be delivered, targeted and finely positioned in situ on surgical incisions, or to
erform therapeutic or treatment tasks, nanofilms must be precisely manipulated. The possibility to include magnetic
omponents into nanofilms, such as magnetic nanoparticles or nanobeads, represents a first step for the development
f magnetic nanofilms with the potential of a remote controlled manipulation [8,9]. Moreover, the capability to insert
lectroconductive properties in polymer nanofilms is as well interesting. By exploiting the electro-active properties of
onducting polymers we can foresee some application: sensing and actuating nanomembranes, locomoting micro and
eso-scale objects in water and other biological fluids, flexible and smart substrates for cell culturing and stimulation,
rtificial substrates for the development of bio-hybrid actuating devices, scaffolds for regenerative medicine, muscle
issue engineering and drug delivery. In this work we present the more recent advancements we achieved in this
eld, in particular focusing the discussion on freestanding magnetic nanofilms and conductive nanofilms, and related
pplications.
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The most popular method for the fabrication of multilayered nanocomposite thin films is the layer-by-layer (LbL)
ssembly technique, introduced by Lvov [2]. Recently, a simple fabrication technique suitable for non-electrolytic
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Fig. 1. (Left) Magnetic nanofilms: injection (top) and ejection (bottom) sequence; (Right) Conductive nanofilm based on PEDOT/PSS. a) Schematic
representation of structure for the fabrication and release of nanofilms with a Supporting Layer technique; b) PEDOT/PSS nanofilm floating in water
after its release.
polymers, based on a combination of the sacrificial layer technique and a single step of spin assisted deposition have
been proposed [6]. This technique allows the development of free-standing nanofilms having high aspect ratio values
composed of biodegradable polyesters, such as poly(D,L-lactide) (PLA) and poly(L-lactide) (PLLA), poly(glycolide)
and their copolymers. These materials could be adapted to several applications in the biomedical field if presented as
nanofilms (e.g. as an innovative alternative for suturing wounds in minimal invasive surgery or as nano-patches on
gastrointestinal mucosal surface). In this vision the possibility to finely position and manipulate nanofilms within wet or
liquid working environments represents a key point. Since the use of magnetic fields to remotely control microdevices
inside the human body is nowadays well accepted in surgical and diagnostic procedures, we proposed this approach
for the manipulation of PLA/PLLA nanofilms. In particular we succeeded in the fabrication of free-standing polyester
nanofilms embedding superparamagnetic iron oxide nanoparticles (SPIONs); the resulting nanofilms could be remotely
controllable by permanent and gradient magnetic fields, thus opening new application scenarios, as already theoretically
and experimentally demonstrated. [9–11]. The proposed free-standing magnetic nanofilms was obtained by spin-coating
of a PLLA/CHCl3 solution containing a stable dispersion of SPIONs over a water soluble sacrificial layer (Poly(vinyl
alcohol), PVA). The magnetic nanofilms have an average thickness of 100-300 nm, depending on the composition and
deposition parameters, and they are characterized by a relatively uniform SPIONs distribution. Nanofilms flexibility has
been evaluated by verifying the integrity of the film after repeated aspirations/injections cycles by using micropipettes
with different inlet diameters (see Figure 1). Magnetic properties of the nanofilms have been also deeply characterized
by using SQUID analysis.
3. Freestanding Conductive Nanoﬁlms
By applying a similar approach, our group has developed original techniques for the obtainment of free-standing con-
ductive nanofilms. The fabrication and release methods, patented technologies [12] that rely upon modified Sacrificial
Layer or Supporting Layer techniques, permit to obtain robust free-standing nanofilms based on conductive polymers
with relatively easy and cheap processes. The preferred material is PEDOT/PSS, the macromolecular complex of the
conjugated polymer poly-(3,4-ethylenedioxythiophene) (PEDOT) with the polyelectrolyte poly-(styrenesulfonic acid)
(PSS), that is available on the market as a waterborne dispersion of conductive polymer gel particles. The realized
nanofilms, are semi-transparent and, despite their low thickness (40- 200 nm), are relatively robust: they can be manip-
ulated, folded and unfolded in water many times without suffering from cracks or disaggregation nor from loss of
conductive properties and can be produced in large area (several cm2). Their fabrication process, based on spin-coating
deposition of ultra-thin films, and the employed material itself are biocompatible, making conductive nanofilms suitable
candidate materials as flexible, smart, conductive substrates for cells adhesion, growth and stimulation. Such applica-
tions, already developed with similar PEDOT/PSS films anchored to solid and rigid substrates, can now be applied in
free-standing structures. The conductive properties of these nanofilms vary in dependence on materials formulation,
employed processes and, particularly, on water or moisture content.
−1Typical values of conductivities range from 10 up to 100 S/cm. A comprehensive characterization of nanofilm
properties in terms of their elastic modulus, conductivity, surface topography has been accomplished as well, leading
to better understanding of the structure/property relationships. Other recent developments regards the integration of
b
c
R
[
[
[V. Mattoli et al. / Procedia Computer Science 7 (2011) 337–339 339
oth magnetic and electroconductive functionalities inside the same nanofilm with the development of multilayer or
omposite structures.
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